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Discounted cash flow analysis, so widely used by
many companies today, all too often has a fatal flaw
in its assumptions—a flaw that can lead to serious
errors in decision making—

UNCERTAINTY IN PRESENT
VALUE CALCULATIONS
by Robert N. Williamson
University of Notre Dame

is generally agreed that dis
counted cash flow (DCF) tech
niques for evaluating capital ex
penditures are superior to other
more established criteria such as
payback and the accounting rate
of return. DCF techniques, how
ever, are usually presented to ac
countants in a manner—i.e., with
an assumption of certainty—which
is not entirely applicable to real
world situations. Typically, this is
done either by ignoring the prob
lem of uncertainty or by using the
means of probability distributions
t
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in the DCF calculations. It is not
generally realized that the use of
single-valued estimates (the means)
in place of the probability distribu
tions, in addition to imparting a
false sense of accuracy, will in
most situations lead to biased esti
mates of the net present value of
a proposed investment project and
thus introduce the possibility of in
correct decisions.
This possibility can best be seen
through illustrative problems. For
example, consider the investment
opportunity described in Exhibit 1
on page 26.

Using the means of the relevant
variables as the single-valued esti
mates, this project would have a
net present value at a cost of cap
ital of 10 per cent or $81.60. Ex
hibit 2, on page 26, however, pre
sents the expected present value of
this project taking account of the
distribution of possible values for
the useful life of the asset (N) and
the yearly net cash flows (S). It
can be seen from Exhibit 2 that the
expected net present value ($53.40)
is less than net present value com
puted using single-valued estimates
($81.60).
25

There is always the possibility of making an incorrect decision when the means are used

An analysis of Exhibits 1 and 2
indicates that there is a distinction
to be made between the present
value of the expected values (Ex
hibit 1) and the expected value of
the present values (Exhibit 2); it
is contended here that the latter
approach yields superior results
and that the $53.40 calculated in
Exhibit 2 does, in fact, represent
the average net present value which
could be expected from undertak
ing a large number of similar
projects.

It should be pointed out that the
different results in Exhibits 1 and
2 are directly related to the nature
of discounting itself. As assumed
in Exhibit 1, the expected value of
the service life is five years, with
equal probabilities of an actual life
span being four to six years. Thus,
in Exhibit 2, equal weight is given
to the present value (PV) of the
combinations which include a fouryear life and those which include a
six-year life. The DCF techniques,
however, introduce an additional

EXHIBIT 2
INVESTMENT A
Possible
Values

Variable
Current Cost (C)

$7,500

Probability
of Value (P)

Expected
Value (E)

1.00

$7,500

........

Yearly Net
Cash Flows (S)

Useful Service Life (N)

$1,900
2,000
2,100

.3
.4
.3

$ 570
800
630

E(S)

1.0
..

$2,000

4 years
5
6

.25
.50
.25

E(N)

1 years
2.5
1.5
.....
5.0 years

1.00
=

...... "

Net Present Value (NPV) using C,E(S), E(N) at 10% = $81.60

EXHIBIT I
INVESTMENT A
Possible
Combination of Values
N
4
4
4
5
5
5
6
6
6

Probability of
Combinations

s

(P)*

1,900
2,000
2,100
1,900
2,000
2,100
1,900
2,000
2,100

.075
.100
.075
.150
.200
.150
.075
.100
.075

Present Value of
Combinations (10%)
(PV)
$6,022.81
6,339.80
6,656.79
7,202.52
7,581.60
7,960.68
8,275.07
8,710.60
9,146.13

1.000

$ 451.711
633.980
499.259
1,080.378
1,516.320
1,194.102
620.630
871.060
685.960

$7,553.40
Current Cost

E(NPV)
* p = P(N)P(S); this assumes N and S are
independent.
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Expected
Values
(E)

7,500.000

$

53.40

weighting factor; and thus the PV’s
of the cash flows do not change in
direct proportion to the changes in
service life, which are assumed
when single-valued estimates are
used, as in Exhibit 1. In fact, the un
certainty as to the actual service life
is the only factor causing the dif
ference between the two computed
net PV’s in these exhibits; that is,
the uncertainty as to the yearly net
cash flows does not contribute to
this difference—because the PV’s of
the cash flows do change in direct
proportion to changes in those
flows.1
Exhibit 3, on page 27, illustrates
this point. A similar computation of
expected net present value of an
other project is shown there. Invest
ment B is similar to A except that
there is no uncertainty surrounding
the yearly cash flows—they are
known to be $2,000. There is uncer
tainty as to the actual service life,
however, just as before. It can be
seen that the expected net PV of In
vestment B is the same as A
($53.40), even though there is this
assumption as to certainty of B’s
yearly net cash flows. This indi
cates that the uncertainty about
useful service life is the cause of
the difference described above.
This difference in general will in
crease as the variance of the ex
pected service life increases.2 An
example is shown in Exhibit 4; the
expected net PV of Investment C
is there calculated to be negative—
that is, C is unprofitable at a 10
per cent cost of capital. Investment
C is identical to B except for a
1 Using single-valued estimates instead
of the distribution of possible future dis
count rates will also introduce bias; in
the examples, however, the applicable
discount rate is assumed to be known
with certainty.
2 This difference will decrease as the
expected life of the project increases, all
else (including the variance of N) be
ing constant.
Management Adviser

EXHIBIT 3
INVESTMENT B

N

S

4
5
6

2,000
2,000
2,000

PV(10%)

P(N)
.25
.50
.25

$6,339.80
7,581.60
8,710.60

1.00

E
$1,584.95
3,790.80
2,177.65

$7,553.40
Current Cost
E(NPV)

7,500.00

53.40

$

EXHIBIT 4
INVESTMENT
N

S

2
3
4
5
6
7
8

2,000
2,000
2,000
2,000
2,000
2,000
2,000

P(N)

.05
.10
.20
.30
.20
.10
.05

c
E

PV(10%)
$3,471.00
4,973.80
6,339.80
7,581.60
8,710.60
9,736.80
10,669.80

$

173.55
497.38
1,267.96
2,274.48
1,742.12
973.68
553.49

$7,462.66

1.00
Current Cost

7,500.00

E(NPV)

$-37.34

. . . the expected value of
the service life [of the

investment project] is five
years, with equal probabilities

larger variance in the expected
service life; thus, the net PV cal
culated using single-valued esti
mates would be positive.
Three means identical

A comparison of Exhibits 1 and
4, above, illustrates the possibil
ity of making an incorrect deci
sion when single-valued estimates
are used. The net PV calculated us
ing the means of the relevant vari
ables for Investment C will be the
same as that of A and B because
the means are identical for all three
projects. Conventional DCF analy
sis would thus indicate that C be
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accepted. Exhibit 4, however, shows
that if many projects identical to C
were accepted, they would on the
average be unprofitable.
An analysis similar to those
shown in Exhibits 2 and 4 could
be made for each investment proj
ect as the opportunity arises. Often,
however, because of the wide
range of possible variables and be
cause of the probability of strong
dependence among these variables,
it is more efficient to perform sim
ulations, either manually or with
the aid of the computer. The simu
lation approach is an ideal one for
incorporating into the analysis
probability distributions which are
either assumed (such as a normal
distribution) or which are devel
oped from the firm’s actual expe
riences. These simulations can be
designed to estimate the probabil
ity of various outcomes and thus
serve as a means to evaluate the
risk inherent in a particular project.
For those cases where there is un
certainty about the project’s life
span, these same simulation meth
ods yield the additional benefit of
giving an unbiased estimate of the
net present value of the project.

of an actual life span being

four to six years. Thus,
in Exhibit 2, equal weight
is given to the present value
of the combinations which

include a four-year life
and those which include

a six-year life.
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